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SPECIFICATION 

1. Title of the Invention 

Method of Writing into Nonvolatile Semiconductor Memory Device 

2. Scope of the Claims 

(1) A method of writing into a nonvolatile semiconductor 
memory device, where data are to be written into a nonvolatile 
semiconductor memory so configured that a control gate is formed 
over a semiconductor substrate via a gate insulating film, a matrix 
is arranged by connecting in series a plurality of electrically 
rewritable memory cells each having an electric charge holding 
part in the gate insulating film to constitute NAND cells, a drain 
at one end of each NAND cell is connected to a bit line, and the 
control gate each memory cell is connected to a word line, 
characterized in that data are written at the same time into every 
memory cell connected to a selected word line. 

(2) A method of writing into a nonvolatile semiconductor 
memory device, where data are to be written into a nonvolatile 
semiconductor memory so configured that a control gate is formed 
over a semiconductor substrate via a gate insulating film, a matrix 
is arranged by connecting in series a plurality of electrically 
rewritable memory cells each having an electric charge holding 
part in the gate insulating film to constitute NAND cells, a drain 
at one end of each NAND cell is connected to one of a plurality 
of bit lines disposed in one direction, a data latch circuit is 
formed on each bit line, and the control gate of each memory cell 



is connected to one of a plurality of word lines disposed in the 
direction crossing the bit lines, characterized in that a one-word 
line equivalent of data is held in each data latch circuit by 
toggling a write enable signal and data are written at the same 
time into every memory cell connected to a selected word line. 

(3) A method of writing into a nonvolatile semiconductor 
memory device, where data are to be written into a nonvolatile 
semiconductor memory so configured that a control gate is formed 
over a semiconductor substrate via a gate insulating film, a matrix 
is arranged by connecting in series a plurality of electrically 
rewritable memory cells each having an electric charge holding 
part in the gate insulating film to constitute NAND cells, a drain 
at one end of each NAND cell is connected to one of a plurality 
of bit lines disposed .in one direction, a data latch circuit is 
formed on each bit line, and the control gate of each memory cell 
is connected to one of a plurality of word lines disposed in the 
direction crossing the word lines, characterized in that the data 
latch circuits are controlled by an address control circuit to 
invert data only in any data latch circuit to which an address 
is given, out of the plurality of data latch circuits, and after 
that data are written at the same time from these data latch 
circuits into every memory cell connected to a selected word line. 

3. Detailed Description of the Invention 
[Object of the Invention] 



(Field of Industrial Application) 

The present invention relates to a nonvolatile semiconductor 
memory device using electrically rewritable memory cells each 
having an electric charge holding part in a gate insulating film 
(E 2 PROM) , and more particularly to a method of writing into an 
E 2 PROM in which NAND cells are formed by directly connecting in 
series a plurality of memory cells. 
(Prior Art) 

As an E 2 PROM / what is configured by connecting in series a 
plurality of nonvolatile semiconductor memory cells is proposed 
(for instance the Japanese Patent Application No. Sho 
62 (1987)-233944) . 

Fig. 6 is an equivalent circuit showing part of a memory 
array of E 2 PROMs of such a NAND cell type. One-end drains of NAND 
cells each composed of serial connection of four memory cells M211 
through M214, in this example, are connected to a bit line BL 21 
via a selection gate SI. The memory cells have an MOS transistor 
structure having a floating gate and a control gate. The same 
applies to bit lines FL22, BL23, — . The control gates of the memory 
cells M211 through M214 constituting one NAND cell are connected 
to separate word lines WL1 though WL4, respectively. 

In this E 2 PR0M, first, general erasion to inject electrons 
into the floating gate of every memory cell is carried out and, 
after that data are successively written in from the lowest NAND 
cell (the farthest from the bit lines) upward. To describe it in 
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more specific terms, the erasing operation reduces all the bit 
lines BL21, BL22, ... to 0 V ("L" level) , and a raised "H" level 
potential, e.g. 20 V, is provided to a selection gate line SD1 
and all the word lines WLl through WL4 . This causes electrons to 
be tunnel-injected from the substrate to the floating gate in every 
memory cell, and the threshold rises to a positive high state ("0") . 
When *1" is to be written into the memory cell M214, the bit line 
BL21 is set to a raised *H" level, e.g. 20 V, the selection gate 
line SD1 and the word lines WLl through WL3 are similarly set to 
20 V, and 0 V is provided to a selected word line WL4 as an W L" 
level. This causes the potential of the bit line BL21 to be 
transmitted to the drain of the memory cell M214 through the 
channels of the selection gate Si and the memory cell M211 through 
M 213, a high voltage is applied between the drain and the floating 
gate in the memory cell M214, and electrons are discharged from 
the floating gate to arrive in a "1" state in which the threshold 
is low. Next to write "1" into the memory cell M213, 20 V is applied 
to the bit line BL21, the selection gate line SD1 and the word 
lines WLl and WL2, and the selected word line WL3 and the word 
line WL4 below it, in the position where writing has already been 
done, are set to 0 V. This causes a high voltage to be applied 
between the floating gate and the drain in the memory cell M213 
as in the aforementioned case, and "1" is written by discharging 
electrons. In the memory cell M214, where writing has already 
been done, the potential of the bit line is not transmitted to 
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the drain and, since the control gate is also at the "L" level, 
neither writing nor erasion takes place. Similarly thereafter, 
writing is successively down from the lowest NAND cell upward. 

Incidentally in the writing operation described above, there 
should be no wrong writing into another one of NAND cells driven 
by the same word line. For instance when writing is to be done 
into the memory cell M213, as the word line WL3 will take on 0 
V, the control gates of other memory cells M223, M233 and M243 
along this same word line WL3 will also take on 0 V. Therefore, 
in order not to let data in these memory cells be rewritten, the 
unselected bit line BL22 through BL24 can be set to 0 V. However, 
since the other word lines WL1 and WL2 are at 20 V, such a 
relationship in potential would make unselected memory cells M221 , 
M22, . . . along these word lines enter into an erase mode, resulting 
in over-erase and inviting erroneous operation. In order to avoid 
this, conceivably, an intermediate potential, e.g. 10 V, can be 
applied to the unselected bit line BL22, BL 23 . • . This would cause 
memory cells in unselected NAND cells to take on either a state 
in which the electric field is small in the erase mode (Fig. 7 (a) ) 
or a state in which the electric field is small in the write mode 
(Fig. 7(b)). They are, so to speak, semi-selected states, which 
can anyhow prevent erroneous writing or over-erase. 

However, if such a stress of semi-selected states is applied 
multiple times, the threshold will gradually vary, resulting in 
a high risk of erroneous operation. Suppose, for instance, a 



memory array in which one NAND cell is configured of eight memory 
cells and 1,024 memory cells are connected to one word line. If 
writing is successively applied to all the bits from the farthest 
NAND cell from the bit lines upward as described above, when writing 
has been done 1,024 times one bit at a time into cells connected 
to the one word line, these 1,024 times of writing will impose 
1,023 stresses on the memory cells. However, selected word lines 
are stressed in the semi-selected state in the «1" write mode, 
and cells along closer than them to the bit lines are subjected 
to the stresses in the semi-selected state in the erase mode. The 
worst case will happen on the memory cell into which writing is 
done at the very last, and it will be stressed to in the 
semi-selected state 1023 x l + 1024 x 7 = 8191 times. This would 
constitute a cause for impairing the reliability of the E 2 PROM. 
(Problem to be solved by the invention) 

The E 2 PROM of the conventional NAND cell type described above 
involves the problem of being subject to stresses in a 
semi-selected state and therefore being susceptible to erroneous 
operation , 

An object of the present invention is to provide a method 
of writing into an E 2 PROM of a NAND cell type which solves this 
problem. 

[Configuration of the Invention] 
(Means to solve the problem) 

The present invention is characterized in that, when writing 
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data into an E 2 PROM of a NAND cell type, data are written into all 
the memory cells along selected word lines at the same time. To 
be more specific, for instance, the write cycle is divided into 
a data latch mode and a write mode following it, and in the data 
latch mode all the data equivalent to one word line are held in 
advance by data latch circuits connected to bit lines, and in the 
subsequent write mode the data equivalent to one word line of these 
data latch circuits are simultaneously written into memory cells 
along selected word line. 
(Actions ) 

Since all the memory cells connected to one word line permit 
simultaneous writing in a write operation according to the 
invention, what take on a semi-selected state among the memory 
cells along unwritten word lines are only those memory cells along 
bit lines to which a datum "0" has been given (i.e. those keeping 
an erased state) , and this happens only once per word line selection . 
Memory cells which enter into a semi-selected state frequently 
are found, on the average, among those along the last selected 
word line, and even they, where one NAND cell is composed of eight 
memory cells for example, enter into a semi-selected state only 
eight times at most. Therefore, according to the invention, a 
highly reliable E 2 PROM is made possible. 

(Embodiments) 

Embodiments of the present invention will be described 

below. 
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Fig. 1 is an equivalent circuit showing the configuration 
of the essential part of an E 2 PROM, which is one embodiment of the 
invention. A memory array 1 as illustrated here shows 8 x 1021 
x 2 = 16,384 bits comprising a sector in which 1,024 NAND cell 
each consisting of eight memory cells are arrayed in the direction 
of word lines and a sector in the form of folding back the foregoing 
sector. Memory cells in this embodiment are nonvolatile memory 
cells of a MOS transistor structure, each having a floating gate 
and a control gate. Of each NAND cell, the drain at one end is 
connected to bit lines BLl , BL2, ... via a selection gate, and 
the source at the other end is connected to a ground potential 
via the selection gate. The control gates of the 1024 memory cells 
arranged abreast are commonly connected to word lines WL (WL1, 
WL2, ...). The word lines WL are selected by a row decoder 2 . Each 
of the bit lines BL (BLl, BL2 , ...) is provided with one of data 
latch circuits 3 (3 lf 3 2/ . . . ) , and the outputs of these data latch 
circuits 3 are provided to bit lines via bit line boosters 4 (4 X , 
4 2 , ...). Reference numeral 5 denotes an input /output (I/O) 
circuit and 6, a write control circuit. In the drawing, sense 
amplifiers provided on the bit lines BL are not illustrated. 

Fig. 2 illustrates the part of the latch circuits 3 and the 
bit line boosters 4 of Fig. 1 more specifically. Figs. 3 (a) and 
(b) are timing charts showing signals and node potentials in the 
data write operation. The write operation in this embodiment will 
be described next with reference to these drawings . Incidentally, 
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it is the same as according to the prior art that all the memory 
cells in one block are simultaneously erased in advance of the 
data write operation. 

The write cycle is divided into two stages of a data latch 
mode and a write mode as shown in Figs. 3. In the data latch mode, 
1024 data are latched by the data latch circuits 3 by causing an 
write enable signal WE to be toggled. In Figs. 3, a case in which 
these 1024 data are -1", "0", "1", -0", ... (In the drawing -0", 
"1", "0", "1"; . . . are shown as a signal I/O resulting from 
inversion of this sequence) is shown. Thus as shown Fig. 3 (a), 
when WE is first set to an XX L" level, a datum "0" enters into the 
data latch circuit 3i, and its output node Ni takes on 5 V. When 
WE is next set to an "L" level, a datum "1" enters the next data 
latch circuit 3 2 , and its output node takes on 0 V. Similarly 
thereafter, data are successively latched by the latch circuits 
3. After the 1024 data are latched, a write signal WR takes on 
an "L" level and the write mode is entered into. When the write 
mode is entered into, a program potential Vpp from an internal 
voltage booster circuit (not shown) is outputted, a ring 
oscillator (not shown) is actuated to enable an oscillation output 
RING is to be obtained, and these drive the bit line boosters 4. 
Thus, the bit line boosters 4j and 4 3 connected to the nodes Ni, 
N 3 . . . giving "H" level outputs are actuated to output Vpp = 20 
V to the bit lines BLi, BL 3 , .... The bit line boosters 4 2 , 4<, ... 
connected to the nodes N 2 , N<j . . . giving "L" level outputs are not 

11 



actuated are not actuated, and on the bit lines BL 2 , BL<j, 
connected to them only an intermediate potential generating 
circuit (the MOSFET-Ch in Fig. 2) works to give an intermediate 
potential of 10 V. On the other hand, when the write mode is entered 
into as shown in Fig. 3(b), the selection gate line SD X is set to 
20 V, the other selection gate line SD 2 to 0 V, the selected word 
line WL B to 0 V, and the remaining word lines WLi through WL 7 to 
20 V. 

This causes a data potential of 20 V or 10 V to be given 
from bit lines to drains and 0V to control gates in the 1024 memory 
cells along the selected word line WL e , and data X> 1" or x> 0" are 
simultaneously written. Thus in the present case, electron 
discharge occurs from the floating gate in the memory cell M81, 
and a datum "0" is written. In the memory cell M82, as an 
intermediate potential is given to the drain, electron discharge 
scarcely occurs from the floating gate in a duration of around 
2 msec per write, and the erase state *0" is maintained. 

Similarly thereafter, the word lines WL 7 , WL 8 , ... are 
selected in that order, and 1024 bits of data are written per word 
line. 

Thus in this embodiment, by simultaneously writing 1024 bits 
of data equivalent to one word line, the frequency of the occurrence 
of a semi-selected state can be significantly reduced compared 
with the conventional writing method, and erroneous operations 
due to stresses in a semi-selected state can be prevented. 
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Although data are supposed to be latched by toggling the 
write enable signal WE, which is an external signal, this can as 
well be accomplished by an internal circuit. 

Fig. 4 is an equivalent circuit for illustrating an 
embodiment of the invention in which data latch circuits 3 are 
controlled by an address control circuit 7. Fig. 5 is a timing 
chart showing the write cycle where this system is used. 

This embodiment has a data latch mode in which a write enable 
signal WE takes on an V L" level in the early phase of the write 
cycle and a write mode, following it, in which the write enable 
signal WE takes on a "H" level to let data be written. First, 
as WE takes on an "L" level, a datum "0" is latched by only those 
data latch circuits to which addresses have been given. Addresses 
are sensed in, for instance, 20 msec. In order to write data of 
"0", "1", Xx 0", "1", the column address of the memory cell 

M81, the column address of M63, and the column address of 

M1023 are given, and the respectively matching data latch circuits 
are caused to latch "0". All the data latch circuits to which no 
address is given are held at "1". when the write enable signal 
WE takes on a W H" level, the write mode is entered in, and data 
equivalent to one word line are simultaneously written into memory 
cells as in the foregoing embodiment. 

It is evident that this embodiment can provide similar 
effects to those of the foregoing embodiment. 
[Effects of the Invention] 
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As hitherto described, according to the invention, stresses 
of semi-selected states can be significantly reduced by writing 
data into an E 2 PROM of a NAND cell simultaneously per word line 
the reliability of the E 2 PROM o can be enhanced. 
4. Brief Description of the Drawings 

Fig. l is an equivalent circuit showing the configuration 
of the essential part of an E 2 PROM, which is one embodiment of the 
present invention/ Fig. 2, a diagram showing its partial specific 
configuration; Figs. 3(a) and (b), timing charts illustrating the 
write operation of this embodiment; Fig. 4, an equivalent circuit 
showing the configuration of the essential part of an E 2 PROM, which 
is one embodiment of the present invention; Fig. 5, a timing chart 
for illustrating the write operation; Fig. 6, a diagram showing 
an E 2 PROM cell array of a NAND cell type; Figs. 7(a) and (b) , 
diagrams showing a relationship in potential among memory cells 
in a semi-selected state at the time of writing. 
1 . . . memory cell; 2 .. . row decoders; 3 . . . data latch circuits; 
4 ... bit line boosters; S ... write control circuit; 7 ... 
address control circuit; Mil, MX2, ... M1024 ... memory cells; 
BL1, BL2, BL 1024 ... bit lines; and WL1, WL2, ... WL8 ... 

word lines. 

Representative of Applicant: Takehiko Suzuki, patent attorney 
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